Introduction
There is increasing evidence to suggest that secondary prevention of ischemic heart disease by low density lipoprotein-cholesterol (LDL-C) reduction as a result of administration of an HMG-CoA reductase inhibitor, or dietary modification with alpha-linolenic acid is effective in reducing recurrent nonfatal and fatal myocardial infar~tion.'-~ The debate' concerning lipid reduction or dietary modification in primary prevention in regard to a potential offset in the reduction of cardiovascular mortality by an increase in noncardiovascular mortality due to accidents, suicide, andor cancer does not seem relevant in the setting of secondary prevention where the accumulating evidence of a marked reduction in recurrent ischemic events' does not appear likely to be offset by an excess in noncardiovascular mortality, even if it should exist.
Data from the PLAC-I study,3 an angiographic study of over 400 patients with significant coronary artery disease randomized to the HMG-CoA reductase inhibitor pravastatin 40-mg daily or placebo in patients maintained on an NCEP-step 1 lipid reduction diet shows a significant reduction in LDL-C and the progression of coronary artery disease in those patients randomized to pravastatin. Of interest in this study, as in the CCAIT study6 using the HMG-CoA reductase inhibitor lovastatin, is the finding that the major effect of pravastatin and lovastatin was on progression of minimal coronary arterial lesions and new lesion for-mation. The reduction in the progression of minimal coronary arterial lesions progression and new lesions formation was associated with a significant reduction in recurrent myocardial infarction in the PLAC-I study3 and a trend toward a reduction in recurrent ischemic events in the CCAIT study.6 The importance of these findings of an association between a reduction in the progression of minimal coronary arterial lesions and new lesion formation with recurrent myocardial infarction can be seen from previous serial angiographic studies, which have pointed out that a large percentage of recurrent myocardial infarcts arise from minimal coronary artery lesions andor new lesion formation.'-'' Little et al.' were the first to emphasize this association. In a serial angiographic study they noted that a large percentage of myocardial infarctions arose from minimal coronary lesions on the baseline coronary arteriogram obtained many months or years prior to the infarction. The importance of minimal coronary artery lesion progression andor new lesion formation in the pathogenesis of recurrent myocardial infarction can also be seen in the recent study of Ogawa et al.'' These authors studied a group of patients with myocardial infarction and single vessel coronary arterial disease. Over a mean follow-up period of 110 months they noted 19 recurrent episodes of myocardial infarction. Eighteen of these 19 episodes occurred at sites different from the index infarction, suggesting the importance of minimal coronary artery lesions a n d or new lesion formation in the pathogenesis of recurrent infarction. The relatively rapid prevention of recurrent myocardial infarction by LDL-C reduction in studies with pravastatin including the Pravastatin Multinational Study," PLAC II,I2 and PLAC I' has been attributed to reversal of endothelial dysfunction, pre-vention of plaque rupture. andlor prevention of thrombosis after plaque rupture.'7
Endothelial dysfunction has been seen in angiographically normal coronary arteries in patients with adjacent coronary arterial lesions and in patients with multiple coronary artery risk factors without any evidence of angiographically significant coronary arterial lesion^.'^,'^ Recent studies have shown that this endothelial dysfunction can be reversed by LDL-C reduction by cholestyramine'' or the HMG-CoA reductase inhibitors lovastatin" and pravastatin'* within a period of 6 months. LDL-C reduction by dietary and lipid lowering therapy has also been shown to improve coronary arterial flow reserve as assessed by positron emission tomography." The improvement in coronary arterial flow reserve within a period of 6 months of LDL-C reduction is associated with a reduction in the incidence of symptomatic angina pectoris." have described the factors predisposing to plaque rupture. It is likely that a reduction of cholesterol in the lipid rich core of the early atherosclerotic lesion would minimize the likelihood of plaque rupture. More intriguing and perhaps the best explanation for the relatively rapid reduction in ischemic events seen in the pravastatin multinational trial,' I PLAC-11," and most recently PLAC-I' is a direct or indirect effect on platelet induced thrombosis. Pravastatin has been shown to inhibit plateletinduced thrombosis in an ex vivo vascular m~d e l . '~ A reduction in platelet-induced thrombosis either directly or indirectly through reversal of endothelial dysfunction could account for a relatively rapid reduction in recurrent ischemic events. Further evidence linking inhibition of platelet-induced thrombosis to a relatively early reduction in ischemic events comes from the recent LYON Diet Heart Study.' In this study 605 patients after a first myocardial infarction were randomized to a control group or to an experimental diet group in which patients received a diet rich in alphalinolenic acid. Alpha-linolenic acid is a precursor of the N-3 long chain fatty acids and has been shown to have a beneficial effect on platelet reactivity.24 Patients assigned to the experimental diet group had a close to 70% reduction in recurrent coronary events and cardiac deaths over a follow-up period of 5 years. This reduction in recurrent ischemic events and cardiac death was seen without a signifcant reduction in LDL-C or HDL-C between the control and experimental groups. The reduction in recurrent ischemic events was noted relatively early as evidenced by a diver- of recurrent ischemic events arise from progression of minimal coronary arterial lesions or new lesion formation suggests that if we are to be successful in preventing recurrent myocardial infarction and death in our patients that we need to do more than alleviate hemodynamically significant lesions by PTCA or other devices. PTCA and restoration of coronary arterial flow reserve are important in relieving patient symptoms and improving exercise performance,28 but cannot be expected to be optimal and have not been shown to be effective in preventing recurrent myocardial infarction or death since many of these recurrent ischemic events occur due to plaque rupture and thrombosis of minimal or new coronary artery lesions. Relief of symptoms, improved' exercise performance, and life style are certainly worthy goals and a clear indication for PTCA and other interventions. Focusing only on relief of these hemodynamically and angiographically significant lesions is, however, not adequate given the accumulating evidence that we have the means to relatively rapidly and effectively reduce recurrent ischemic events.'.'
The second implication of these recent studies is more far reaching and controversial. If as suggested above. many recurrent myocardial infarctions are a result of plaque rupture and thrombosis of minimal or new coronary artery lesions7-'" it is unlikely that PTCA of a single coronary artery vessel and likely multiple vessels will be shown to have a significant effect on a reduction in recurrent myocardial infarc-PROGRESSION OF CORONARY ARTERY DISEASE tion. PTCA of a single coronary artery should be viewed as effective symptomatic therapy. All too often, however, PTCA, especially postinfarction, is performed on the basis of angiographic findings in asymptomatic or mildly asymptomatic individuals. Without clear data from prospective well-controlled trials demonstrating a beneficial effect of PTCA in reducing recurrent infarction and death in this situation it is hard to understand how we can continue to justify this procedure under these circumstances if we are to claim in this rapidly changing health care environment that we wish to provide our patients the best and most cost-effective therapy. The recent trials described above have important implications even for symptomatic patients. The evidence of a relatively rapid reduction in symptomatic angina pectoris in the study by Gould and colleague^'^ and the rapid reduction in recurrent ischemic events with pra~astatin,~.".'~ and even more impressively by dietary modification with alpha-linolenic acid4 suggests that it might be reasonable, at least in those with stable angina pectoris and moderately preserved exercise performance to attempt effective dietary modification and/or LDL-C reduction for a period of 6 months before resorting to PTCA. If at the end of a 6-month trial period, the time period in which it has been shown that endothelial dysfunction is reversed by LDL-C reduction16-'* and symptoms relieved," the patient is still symptomatic despite optimal medical therapy including nitrates, and beta adrenergic blocking agents as well as attempts at dietary modification such as with the Lyon Heart Diet4 or LDL-C reduction with an HMG-CoA reductase inhibitor,3.",'2 PTCA or other interventional procedures should be attempted for symptomatic relief.
The above discussion is not meant to denigrate the importance of PTCA and other interventions in correcting high grade coronary arterial lesions and thereby, relieving symptoms and likely reducing ischemic events. Clearly, many recurrent ischemic events are associated with high grade coronary arterial lesions.' A strategy that focuses only on these lesions or provides relatively expensive and often incomplete symptomatic relief in those with only mild symptoms and/or moderately hernodynamically significant lesions is unlikely to pass scrutiny in the new era of cost containment nor should it even in the current era.
